Objective: To evaluate the effectiveness of pre-operative exercise physiotherapy rehabilitation on the outcomes of treatment following anterior cruciate ligament injury.
Introduction
Internal knee injuries account for nearly 45% of sports related injuries, with anterior cruciate ligament injury being the most prevalent structure damaged. 1 Anterior cruciate ligament injury is associated with pain, instability of the joint, muscle weakness, functional limitation, poor quality of life, and an increased risk of knee-related osteoarthritis. 2, 3 Anterior cruciate ligament reconstruction surgery is the main treatment for anterior cruciate ligament injuries. 4 Over 200 thousand anterior cruciate ligament reconstruction surgeries take place each year in the United States, which costs more than $3 billion annually. 1, 5 Pre-operative physiotherapy, such as an exercise rehabilitation programme, is often performed to prepare the knee for reconstruction surgery and to maximise the outcomes of rehabilitation. 6, 7, 8 Physiotherapy rehabilitation prior to anterior cruciate ligament surgery is used to increase muscle strength and functional ability. 9, 10 In addition, pre-operative physiotherapy can reduce the risk of pivot shift episodes, which can often cause progressive joint damage, as well as facilitate recovery after reconstruction. 11 During the 1980s, the potential of pre-operative physiotherapy to restore knee function was first suggested by Noyes et al. ; 10 yet there is no standardised rehabilitation approach for patients with this injury. Whilst there are a number of clinical trials that have investigated the effectiveness of pre-operative rehabilitation on the outcomes (pain, quality of life, range of motion, muscle strength and function) of treatment following anterior cruciate ligament injury there is a lack of consensus in these findings. Therefore, the aim of this systematic review was to examine the current level of evidence in relation to the effectiveness of pre-operative exercise physiotherapy rehabilitation on the outcomes of treatment following anterior cruciate ligament injury.
Methods
A systematic review was undertaken following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 12 The following electronic databases were searched: PubMed, OVID (AMED, MEDLINE), The Cochrane Library (Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Methodology Register), and Web of Science (science and social science citation index). Studies published between the inception of the databases and December 2015 (completion date of the search) were sought. The keywords used were: 'anterior cruciate ligament injury' 'pre-operative rehabilitation', 'pre-operative exercise', 'pre-operative protocol', and 'quality of life'. These keywords were then combined to refine the literature search and focus the review to the aim of the study (supplementary material Appendix 1).
Articles searched were those conducted on human patients and published in English, and 'randomised controlled trial' was used as a filter for the search. The reference lists of the selected articles were also checked manually for any relevant studies that may not have been available electronically. The Studies were included if:
• • They were randomised controlled trials.
• • They were in the English language.
• • They included human subjects with unilateral anterior cruciate ligament injury. • • Pre-operative exercise physiotherapy rehabilitation was used to treat the patients.
Studies were excluded if they were:
• • On bilateral anterior cruciate ligament injuries.
The Physiotherapy Evidence Database (PEDro) scale was used to assess the quality of methodology applied in the selected studies. 1, 5, [13] [14] [15] [16] [17] [18] Two reviewers (SA and GY) applied the scale to the studies and a high level of agreement was achieved (89%). A consensus method was used where there was disagreement, and an independent reviewer (FF) was consulted to make the decision regarding the final score and the inclusion of the article in the review.
The Physiotherapy Evidence Database scale is an 11 item scale with the first item assessing the external validity of the trial. Usually, this item is not included in the assessment of study; hence, the assessment was based on items 2 to 11 in the present study as recommended by Maher et al. 19 and has been previously used elsewhere. 20 These items were scored equally as 1 for yes and 0 for no. Studies with a Physiotherapy Evidence Database score of 0 to 4 were considered to be of poor methodological quality. Scores of 5 or 6 were considered to be of moderate quality, and those with scores of 7 and above were considered to have high methodological quality. 19 Three items on the Physiotherapy Evidence Database scale refer to blinding procedures. However, it is acknowledged that it is difficult to blind patients and therapists delivering physiotherapy interventions, 21 therefore, the maximum score that can be achieved by the studies included in this review was 8 out of 10.
Two reviewers (SA and GY) extracted data from the studies that fulfilled the inclusion criteria by independently using a data extraction form. To ensure that no significant information was omitted from the studies, the following were recorded during data extraction: author information, date and place of publication, sample information, drop outs, types and duration of intervention, outcome measures used, patient assessment and follow-up period, results and any other comments specific to each study (Table 1 ). Due to the small sample sizes and the heterogeneity in the outcomes assessed in the studies, a meta-analysis or statistical assessment of the outcomes was not performed. 22, 23 The applicability, reliability and validity of the studies were assessed using the randomised controlled trials checklist provided by the Critical Appraisal Skills Programme. 24 The outcomes that were assessed included pain, quality of life, physical knee function, swelling, range of motion, muscle strength and functional activity.
Results
The results are reported based on Preferred Reporting Items for Systematic Reviews and MetaAnalyses 12 guidelines with descriptive and narrative findings. Based on electronic and manual searches using the keyword search strategy, a total of 500 studies were identified (PubMed, 156; Ovid, 118; Web of Science, 220; Cochrane Library, 4; manual search, 2). After removing duplicates, applying the inclusion criteria and abstract screening, eight studies were found to satisfy these criteria ( Figure 1 ). These eight studies were included in the review ( Table 1) .
The eight studies 1, 5, [13] [14] [15] [16] [17] [18] accepted for inclusion in the systematic review were then assessed for quality. The methodological quality of the studies included ranged from 3 to 7 out of 10 (supplementary material Table) . The mean score of the studies was 5.8, which reflects an overall moderate methodological quality. One study was of a low methodological quality, 1 four were of moderate quality 14, 15, 17, 18 and three were of high quality. 5, 13, 16 Intention-to-treat analysis was used in two studies. 5, 13 Three studies 1, 13, 14 failed to report a concealment of treatment employed. The outcome assessor was blinded to the intervention in two studies. 13, 16 All the studies included reported that participants were randomised and reported the methods used for randomisation.
The eight studies investigated a total of 451 subjects, of which 71% (n = 319) were male participants. One study 16 included only male participants (n = 23). The age of the participants in the eight studies ranged from 15 to 57 years. There were 36 dropouts in the trials. The reasons for dropping out included; fractures and other injuries that could interfere with the rehabilitation, the anterior cruciate ligament was not completely torn, the treatment schedule was not maintained. The average number of participants in the treatment group after randomisation was 28 (range 9-59), with two studies having intervention groups containing more than 30 subjects. 5, 15 Pre-operative rehabilitation protocols were different in their content, duration and frequency of intervention. The average duration of the pre-operative intervention was 14 weeks (range 3-24 weeks) 1, 5, [13] [14] [15] [16] [17] [18] . Two studies did not report the -Baseline. frequency of treatment, 5, 15 however, for the remaining six studies, 1, 13, 14, [16] [17] [18] the average frequency of treatment was three times per week (range 2-4 times per week). The content of the pre-operative intervention consisted of: quadriceps and/or hamstring strengthening exercises; 1, 5, [13] [14] [15] [16] [17] [18] proprioception and/or balance training; 1,5,13-18 gait reeducation; 5, 15, 18 treatment to increase range of motion; 17, 18 functional specific rehabilitation 17, 18 and plyometrics. 17 Several outcome measures were used to assess the effectiveness of pre-operative exercise physiotherapy rehabilitation. Pain was used as an outcome in three studies. 5, 15, 17 No significant difference was found in patient reported pain between the intervention and control groups in any of the studies.
Physical function (in recreational or sports activities) was used as an outcome in seven of the eight 5,13-18 studies. Two studies found a significant improvement in physical function in the intervention group compared to the control. 13, 16 Beard et al. 13 reported greater physical function in the group following a rehabilitation programme designed to enhance proprioception and hamstring reflexes compared to the group that received a programme designed to improve muscle strength. Shaarani and colleagues, 16 found a significant increase in function from baseline to pre-operatively and at 12 weeks postoperatively, in the intervention group who received pre-operative physiotherapy rehabilitation compared to the control group which received no pre-operative physiotherapy intervention. Five studies found no significant difference in physical function between the groups. 5, 14, 15, 17, 18 Quality of life was examined in three studies 5,15,18 using a subscale of the Knee Injury and Osteoarthritis Outcome Score. Whilst there was a significant improvement in quality of life from baseline following intervention in both groups, none of the studies reported any significant difference in quality of life between the control and intervention groups.
Range of motion was used as an outcome in only one study. 17 There was no significant difference in range of motion between the two rehabilitation programmes using open and closed kinetic chain exercises.
Muscle (quadriceps and/or hamstring) strength and function were measured in four studies using a Biodex isokinetic dynamometer, 17 a Cybex isokinetic dynamometer, 16 or a Kin-Com isokinetic dynamometer. 1, 14 Tagesson et al. 17 reported that the intervention group had greater quadriceps muscle strength, however, no other significant differences in strength were found. Hartigan et al. 1 found that quadriceps strength increased in both groups, although there was no significant difference between the groups. However, they did find that quadriceps strength and knee excursions were more symmetrical 6 months postoperatively in the intervention group that received perturbation training and progressive quadriceps strength training than the control group who received strength training alone. The remaining two studies 14, 16 found no significant difference in muscle strength between the intervention and control groups.
The outcomes of knee-related symptoms, including swelling, were measured in four studies. 5, 15, 17, 18 No significant differences in symptoms between the control and intervention groups were found. Fitzgerald et al., 14 examined the effect of perturbation training on episodes of giving way of the knee. They found that a greater number of subjects in the control group had increased episodes of giving way (p < 0.05).
Discussion
Despite the range of pre-operative approaches used in the studies examined in this review, this study found that pre-operative physiotherapy rehabilitation is effective for improving the outcomes of treatment following anterior cruciate ligament injury. Furthermore, the diversity of approaches used in this review reflects the nature of pre-operative physiotherapy in clinical practice in relation to this patient population and as such, enhances the clinical validity of the findings.
Of the eight studies included in this review, only Shaarani et al. 16 did not include pre-operative physiotherapy intervention for both groups, with the control group receiving no intervention. They found significant improvements in function and physical performance in the intervention group following pre-operative physiotherapy compared to the control group. 16 All of the seven remaining studies included preoperative physiotherapy exercise rehabilitation programmes for both the intervention and control groups. 1, 5, [13] [14] [15] 17, 18 All seven studies showed improvements in function in both groups following pre-operative rehabilitation programmes. Of these studies, five found significant improvements in the intervention group compared to the control group in a range of outcomes, including: function, strength, and reflex hamstring contraction latency. 1, 13, 14, 16, 17 In the studies by Frobell et al., 5, 15 a strategy of rehabilitation plus early anterior cruciate ligament reconstruction was not more effective at five years than a strategy of initial rehabilitation with the option of having a later anterior cruciate ligament reconstruction. Furthermore, in using the second approach, 50% of patients avoided the need for surgery with no implications on clinical outcomes in the intervention group. 15 The average duration of the pre-operative intervention was 14 weeks (range 3-24 weeks) 1, 5, [13] [14] [15] [16] [17] [18] with the frequency of sessions ranging between 2 -4 sessions per week. 1, 13, 14, [16] [17] [18] Thus, on average, patients received a total of 27 pre-operative treatment sessions. 1, 13, 14, [16] [17] [18] However, this number of treatment sessions is resource intensive and in the current economic climate, with healthcare budgets under increasing financial pressure, the clinical applicability of this may be questioned.
The Physiotherapy Evidence Database scores for seven of the eight papers included in the review ranged from 5 -7, which indicates that they are of moderate to high methodological quality; 19 one study was of low methodological quality. 1 There were a number of methodological flaws in the eight selected studies. The sample sizes for the studies included in the review were small, ranging from 23 to 121, with some of the studies not reporting how sample size was determined, hence limiting the external validity of their findings. In addition, whilst all the studies reported their randomisation procedures, there was no blinding of therapists who administered the therapy in any study, and only two studies reported blinding of all assessors who measured at least one key outcome, 13, 16 with only one study reporting blinding of the subjects. 13 This may have increased the risk of bias in these studies. However, it is acknowledged it may not be possible to blind some of the individuals, such as the therapist or patient, in a clinical trial. Furthermore, some important outcomes such as quality of life was not assessed in majority of the studies, except Frobell et al. 5, 15 and Thomeé et al. 18 In addition, range of motion was examined in only one study. 17 Thus, further research is needed to assess the effectiveness of pre-operative physiotherapy rehabilitation on these outcomes of treatment following anterior cruciate ligament injury.
This systematic review has certain limitations. It included only studies published in English and, therefore, there is a possibility that relevant literature published in other languages may have been excluded. In addition, this review has included only published articles, which may have resulted in some data been missed due to publication bias.
To our knowledge, this is the first systematic review that has been undertaken to investigate the effectiveness of pre-operative rehabilitation for improving the outcomes of patients with anterior cruciate ligament injury undergoing reconstruction. This review has found that pre-operative rehabilitation is effective for these patients.
Clinicians are to be aware of these findings as pre-operative rehabilitation may be of value to patients with this condition. In addition, the observed findings provide justification for continued use of pre-operative rehabilitation programme for these patients.
Clinical messages
• • Findings: Pre-operative rehabilitation is effective for improving the outcomes of patients with anterior cruciate ligament injury undergoing reconstruction. • • Implications: Pre-operative rehabilitation may be of value to patients undergoing anterior cruciate ligament reconstruction. The continued use of pre-operative rehabilitation programme for patients undergoing this procedure is justified by the findings of this study.
